



Cause-and-effect in Mediterranean erosion
Roberts, Neil; Allcock, Samantha L.; Barnett, Hannah; Mather, Anne; Eastwood, Warren;




Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)
Document Version
Peer reviewed version
Citation for published version (Harvard):
Roberts, N, Allcock, SL, Barnett, H, Mather, A, Eastwood, W, Jones, M, Primmer, N, Yiitbaolu, H & Vannière, B
2018, 'Cause-and-effect in Mediterranean erosion: the role of humans and climate upon Holocene sediment flux
into a central Anatolian lake catchment', Geomorphology. https://doi.org/10.1016/j.geomorph.2018.11.016
Link to publication on Research at Birmingham portal
Publisher Rights Statement:
Checked for eligibility: 20/11/2018
General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.
•	Users may freely distribute the URL that is used to identify this publication.
•	Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•	User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•	Users may not further distribute the material nor use it for the purposes of commercial gain.
Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.
When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.
If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.




Cause-and-effect	in	Mediterranean	erosion:	The	role	of	humans	and	climate	upon	1	 Holocene	sediment	flux	into	a	central	Anatolian	lake	catchment		2	 	3	 Neil	Roberts1,	Samantha	L.	Allcock2,	Hannah	Barnett1,	Anne	Mather1,	Warren	J.	4	 Eastwood3,	Matthew	Jones4,	Nick	Primmer4,	Hakan	Yiğitbașıoğlu5	and	Boris	Vannière6	5	 	6	 1	School	of	Geography,	Earth	and	Environmental	Sciences,	University	of	Plymouth,	7	 Drake	Circus,	Plymouth,	PL4	8AA,	UK	8	 2	Next	Steps	South	West,	University	of	Plymouth,	Drake	Circus,	Plymouth,	PL4	8AA,	9	 UK	10	 3	School	of	Geography,	Earth	and	Environmental	Sciences,	University	of	Birmingham,	11	 B15	2TT,	UK	12	 4	School	of	Geography,	University	of	Nottingham,	NG7	2RD,	UK	13	 5	Dil	ve	Tarih-Coğrafya	Fakültesi,	Ankara	University,	Turkey	14	 6	CNRS,	CHRONO-ENVIRONNEMENT	UMR	6249,	MSHE	USR	3124,	Université	15	 Bourgogne	Franche-Comté,	F-25000	Besançon,	France	16	 	17	 Corresponding	author:	email:		cnroberts@plymouth.ac.uk	18	 	19	




place	nearby)	and	again,	more	importantly,	during	the	last	2500	years	(Iron	Age	to	34	 modern),	the	latter	exhibiting	three	phases	of	enhanced	catchment	erosion.	35	 Multiproxy	comparisons	show	that	these	phases	were	related	primarily	to	periods	of	36	 increased	human	impact	on	vegetation	and	soils	around	the	lake.	Most	sediment	37	 influx	has	been	in	the	form	of	turbidites,	linked	to	the	presence	of	a	fan	delta	at	the	38	 lake	edge,	although	this	store	does	not	appear	to	have	significantly	delayed	sediment	39	 delivery	from	eroding	hillslopes	to	the	lake	bed.		The	marked	increase	in	detrital	40	 influx	during	the	late	Holocene	implies	that	badland	development	in	the	lake	41	 catchment	is	recent	and	largely	anthropogenic,	rather	than	ancient	and	of	climatic	42	 causation,	and	probably	involving	stream	capture.		The	record	also	shows	that	43	 sediment	influx	diminished	markedly	at	times	when	human	land	use	disintensified,	44	 which	in	turn	indicates	that	hillslope	degradation	is	reversible	with	appropriate	land	45	 management.		46	 	47	 Keywords:	Cappadocia;	turbidites;	lake;	badland;	erosion;	Holocene;	48	 varves	49	 	50	








sections,	granulometry,	and	other	methods.	These	new	data	allow	us	to	evaluate	99	 critically	the	long-term	relationship	between	catchment	erosion	with	(i)	past	climate	100	 variations	and	(ii)	land	cover	change,	as	reconstructed	using	previously	published	101	 proxy	evidence	from	the	same	sedimentary	archive.	Finally,	we	compare	our	results	102	 to	documented	historical	and	archaeological	records	from	the	same	region	to	ask	103	 'how	old	are	Cappadocia's	badlands?'		104	 	105	









	140	 Central	Anatolia	contains	an	exceptionally	rich	and	well-studied	archaeological	141	 record	(Table	1).		The	oldest	excavated	archaeological	sites	in	Cappadocia	date	to	the	142	 Aceramic	Neolithic,	notably	at	the	protoagricultural	settlement	at	Aşıklı	Höyük	(later	143	 ninth	and	early	eighth	millennia	BCE).	During	this	and	the	subsequent	Ceramic	144	 Neolithic	and	Chalcolithic	periods,	Cappadocia	provided	the	principal	source	of	145	 obsidian	for	central	Anatolia	and	beyond,	and	several	obsidian	factories	have	been	146	 identified.		One	of	them	is	on	Nenezi	Dağ,	a	hill	located	3	km	north	of	Nar	Lake,	just	147	 outside	its	catchment.	Lithic	artefacts	and	débitage	are	common	in	the	vicinity	of	the	148	 lake,	although	no	distinct	occupation	site	has	so	far	been	found.	149	 	150	 After	a	period	of	apparent	demographic	decline	during	the	middle	Chalcolithic,	151	 evidence	from	regional	archaeological	site	surveys	and	excavations	indicates	a	152	 renewed	increase	in	settlement	during	the	third	millennium	BCE,	corresponding	to	153	 the	Early	Bronze	Age	(Allcock	and	Roberts,	2014).	During	the	Middle	and	Late	Bronze	154	 Age,	central	Anatolia	lay	at	the	heart	of	the	expanding	Hittite	Empire	that	came	to	an	155	 end	in	the	late	second	millennium	BCE,	when	there	was	a	major	rupture	in	the	156	 regional	socioecological	system	(Allcock,	2017).		A	new	demographic	cycle	began	157	 during	the	first	millennium	BCE	at	the	end	of	which	Cappadocia	became	a	Roman	158	 province	(17	CE),	with	its	capital	at	Caesarea	(modern	Kayseri).	Two	subsequent	159	 periods	are	especially	well	represented	archaeologically,	the	first	being	the	early	and	160	 mid-Byzantine,	and	the	second	being	the	Selçuk	period.	A	major	episode	of	early	161	 Byzantine	church	building	took	place	in	the	fifth	and	sixth	centuries	CE.	However,	this	162	 was	followed	by	a	period	of	increasing	insecurity	linked	to	Arab	invasions	between	163	 the	mid-seventh	and	tenth	centuries	CE.	A	mid-Byzantine	revival	in	the	tenth	and	164	 early	eleventh	centuries	saw	the	creation	of	a	series	of	remarkable	mural	paintings	165	 inside	rock-cut	churches	(Ousterhout,	1999,	2005;	Thierry,	2002).	After	this	Golden	166	




Table	1:	Major	historical	and	archaeological	periods	in	central	Anatolia	173	 	174	 Period	 Date	 Further	details	Turkish	Republic	 since	1923	CE	 	Ottoman		 ~1450	to	1923	CE	 	Medieval	Turkic	 1071	to	~1450	CE	 principally	Selçuk,	1071-1299	CE,	Mongol	invasions	1260s	Byzantine	 330	to	1071	CE	 early	and	middle	periods	separated	by	Arab	wars	(~640	to	~950	CE)	Hellenistic-Roman	 331	BCE	-	330	CE	 	Iron	Age	 1200	-	331	BCE	 includes	Dark	Age	(1200-900	BCE)	and	Achaemenid	Persian	Empire	(after	585	BCE)	Bronze	Age	 3000	-	1200	BCE	 includes	Early,	Middle	and	Late	Bronze	Ages	Chalcolithic	 6000	-	3000	BCE	 	Neolithic		 >8500	-	6000	BCE	 includes	Aceramic	(pre-7000	BC)	and	Ceramic	(post-7000	BC)	phases		175	 	176	
















evaluated	the	distribution	of	peaks	along	the	sequence	by	smoothing	the	sum	of	287	 episodes	with	a	50-year	moving	time	window.		Variations	in	average	and	total	clastic	288	 layer	thickness	are	also	presented	per	50	years.		289	 	290	 Particle	size	analysis	of	clastic	layer	sediments	was	carried	using	a	Mastersizer	2000	291	 laser	diffraction	system,	after	sieving	to	remove	any	particles	>1	mm	in	diameter.	The	292	 methods	used	for	stable	isotope	analysis	of	endogenic	carbonate	and	pollen	have	293	 been	described	in	previous	publications	(Jones	et	al.,	2006;	England	et	al.,	2008;	Dean	294	 et	al.,	2015b).		295	 	296	












Figure	2:	Stratigraphy	of	the	full	NAR10	core	sequence,	sedimentation	rate	(overall	358	 rate	and	clastic	input	alone),	Itrax	profiles	for	detrital	indices	(Ti/Ca	and	K),	359	 hydroclimate	proxies	(Ca-Sr,	Mg,	and	δ18O),	and	deciduous	oak	pollen	percent	(data	360	 partly	from	Roberts	et	al.,	2016).		361	
	362	 	363	 For	clastic	layers	in	the	NAR10	cores,	we	can	compare	Itrax	data	with	visual	364	 measurements	of	layer	thickness	and	age.		As	Table	3	shows,	there	are	some	365	 differences	between	these	different	measurement	techniques	in	the	number	and	366	 thickness	of	layers	recorded.		Itrax	scanning	had	a	200-μm	measurement	resolution,	367	 allowing	the	identification	of	layers	as	thin	as	0.2	mm.	By	contrast,	visible	368	 measurements	were	restricted	to	layers	at	least	1.0	mm	thick.	This	resolution	was	369	 increased	by	the	use	of	thin	section	microscopy	that	has	revealed	the	typical	370	 composition	of	nonseasonal	clastic	layers:	a	well-mixed	mass	of	terrigenous	clasts,	371	 inwashed	obsidian,	along	with	some	organic	detritus	and	calcareous	material.	Clastic	372	 sublayers	characteristically	display	abrupt	stratigraphic	boundaries,	indicative	of	a	373	 rapid	transition	to	the	dominant	depositional	process,	typically	associated	with	an	374	 individual	depositional	event	(Mangili	et	al.,	2005).	With	their	high	concentration	of	375	 allogenic	sediment,	these	inwash	sublayers	are	visually	distinct	from	the	varves’	sub-376	
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8600-8200	cal	BP	was	marked	by	an	increase	in	the	share	of	Nenezi	Dağ	obsidian	588	 used	at	Çatalhöyük,	corresponding	to	the	main	phase	of	Neolithic	turbidite	589	 deposition.	The	same	period	was	also	characterised	by	a	trend	toward	climatic	590	 aridity.			Hence,	it	seems	probable	that	this	period	of	landscape	instability	resulted	591	 from	climatic	and	anthropogenic	factors	operating	in	combination.		592	 	593	 Figure	5:	NAR10	Neolithic	changes	in	erosion	(clastic	layer	thickness	in	cm,	left	594	 axis	scale)	and	climate	(right	axis),	along	with	proportion	of	Nenezi	obsidian	595	 found	at	Çatalhöyük	(left	axis	scale;	data	from	Carter,	2011).		596	 	597	
	598	
	599	

















	690	 Figure	7:	Clastic	layers	in	NAR10	vs.proxies	for	hydroclimate	(δ18O),	human	land	691	 cover	change	(pollen),	total	and	individual	clastic	layer	event	thickness.		Stable	692	 isotope	data	from	Jones	et	al.	(2006)	and	Dean	et	al.	(2015);	pollen	data	partly	from	693	 England	et	al.	(2008).	Shaded	bands	show	the	main	periods	of	enhanced	erosional	694	 influx	into	Nar	Lake.	695	 	696	
















intensification	by	complex	societies	during	the	second	and	third	millennia	BP	led	to	800	 major	landscape	changes	and	increased	soil	degradation	(Walsh	et	al.,	in	review).			801	 	802	 During	the	last	2600	years,	the	varved	nature	of	Nar	Lake	sediments	has	allowed	an	803	 unusually	detailed	and	well-dated	record	of	clastic	event	pulses.	Because	of	the	804	 existence	of	an	alluvial	fan	delta	on	the	lake	edge,	the	most	important	of	these	805	 depositional	events	were	as	turbidites	rather	than	normal	flood	layers.	Even	so,	806	 pollen	data	show	clearly	that	catchment	erosion	increased	when	there	was	more	807	 intense	human	land	use	(arable	and	grazing),	notably	during	Classical,	Medieval,	and	808	 modern	times.		Similarly,	erosion	decreased	when	forest	cover	expanded,	for	809	 example,	between	1300	and	1000	cal	BP.		The	evidence	for	landscape	recovery	at	this	810	 and	other	times	of	reduced	human	pressure	shows	that	even	actively	eroding	badland	811	 terrain	can	heal	itself	if	the	environmental	footprint	of	humans	is	reduced	and	812	 sustained	for	sufficient	time.		The	sedimentary	record	indicates	that	the	current	813	 phase	of	accelerated	erosion	at	Nar	only	started	in	~1920	and	that	it	was	preceded	by	814	 more	than	four	centuries	when	erosion	rates	were	substantially	lower	and	apparently	815	 more	sustainable.	While	not	the	natural	baseline	that	existed	during	the	early	816	 Holocene,	the	Ottoman	period	of	moderate-intensity	agropastoral	land	use	could	offer	817	 a	realistic	potential	target	state	for	geomorphological	landscape	restoration	at	this	818	 site.	The	Nar	Lake	catchment	record	thus	appears	to	offer	a	historical	819	 geomorphological	example	of	a	scenario	described	by	Butzer	(1974,	p.	73)	showing	820	 how,	'with	careful	cultivation	or	pasturing	of	limited	numbers	of	suitable	livestock,	821	 soil	erosion	can	be	kept	to	an	acceptable	minimum'.	822	 	823	
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